This paper describes the process of waste flue gas desulphurization (FGD) 
INTRODUCTION
Due to the increased pollution of atmosphere with waste gas and various vapors from the industrial plants that are a great threat to the flora and fauna, it is necessary to find a possibility to reduce pollutants. One of the atmospheric pollutants is also SO 2 gas that is one of the constituents of waste gas from coal combustion and whose maximum allowed value in the waste gas is up to 200 mg/m 3 [3] .
Description the Technological Process of Waste Flue Gas Desulphurization in Coal Combustion
Waste flue gas desulphurization in the process of coal combustion is a technological method of chemical bonding a free SO 2 gas for components by which a new compound is formed that does not pollute the external environment. Sulfur dioxide is a component of the gas mixture or the coal combustion products that is directly discharged into atmosphere and thus polluting 12 the environment. By the presence of SO 2 gas in the exhaust gas and moisture from the air, sulfuric acid is formed which causes some damages to the flora and fauna. Due to this type of pollution the external environment as well as the consequences of pollution that can be produced by SO 2 gas in the external environment, the plants for complete absorption of [3] resulting SO 2 gas are required or to reduce it to the allowed values. The presence of SO 2 gas in the waste exhaust gas is regulated by the EU regulations and maximum allowable amount of SO 2 gas at the outlet of the plant which produces 200 mg/m 3 of gas. To comply with the prescribed amount of SO 2 gas in the outlet gas from plants that rely on fuels containing S, it is necessary to construct a desulphurization plant of waste flue gases.
Desulphurization process can be made in several ways depending on whether [2] desulphurization is done before the fuel combustion containing sulfur or after the combustion of the same.
Methods of desulphurization before fuel combustion:
1. Techniques in the combustion zone -Addition of sorbent in a fixed layer -Addition of limestone or dolomite into burning layer -The simplest method of emission reduction, -Low efficiency (15-20%) -Efficiency can be increased by water injection into burning layer (0.1 kg water per kg of coal) 2. Combustion in a fluidized bed 3. Additive method If there is no possibility of desulphurization before fuel combustion, it is necessary to do the FGD desulphurization after combustion in order to reduce the sulfur dioxide emissions to the statutory prescribed value.
Purification methods of waste flue gases after combustion [2] :
-Dry systems: injection of dry sorbent with dry residue.
-Semi-dry systems: sorbent is injected as slime and solid residue is obtained. -Wet system: both sorbent and residue are wet, non-regenerative and regenerative systems.
EXPERIMENTAL TESTS
Laboratory experimental tests of the flue gas desulphurization process were carried out after the coal combustion process. Due to this reason, the only acceptable method of the proposed 3 is the wet system method where both sorbent and residue are wet [2] . The advantage of using the wet nonregenerative system method is as follows:
-SO 2 is bound into a chemical compound that is used as a by-product or is disposed (waste) -Sorbent: suspension of limestone or lime -Sorbent comes into contact with the flue gas, producing a mixture of calcium sulfite and sulfate (gypsum) For the experimental investigations of waste flue gas desulphurization in coal combustion, a large number of experiments were done at different temperatures of combustion in the range of 500 o C to 900 o C [1] with introduction of oxygen in the combustion process.
The absorption of flue gas was conducted into 20% suspension of limestone of the known chemical composition, granulation and specific reactivity. The principle of desulphurization FGD is based on the absorption of FGD going through the limestone suspension, whereby a chemical reaction is developed between SO 2 gas and CaCO 3 from suspension and CaSO 4 and CO 2 are obtained. Reaction between SO 2 and CaCO 3 from suspension results to decrease of SO 2 gas [3] in FGD and hence reduce SO 2 gas in the exhaust gases into the atmosphere.
Coal was firstly ground, sampled to determine the physical characteristics and technical analysis of coal, then the experi-ments were planned, and samples were measured for FGD desulphurization.
For the experiments of waste flue gas desulphurization in coal combustion from Ugljevik, an apparatus was used for combustion the coal samples in a closed system with projected measuring points for measuring the composition of exhaust gases.
Apparatus is shown in Figure 1 .
Figure 1 Apparatus for coal combustion and waste flue gas desulphurization in combustion

Parts of apparatus for coal combustion and waste flue gas desulphurization (FGD): 1. Mars tubular oven with corresponding tube of Al 2 O 3 and associated transformer station for power supply. 2. Connecting gas pipelines with compensators with the measuring point 1 for measuring the composition of gas mixture FGD at the outlet of oven. 3. Two absorption units with 20% suspension of limestone with the known reactivity. 4. Pump for extraction of FDG from oven, which allows the passage of gas mixture through columns with suspension of lime for desulphurization. 5. A part of gas pipeline behind the pumps and absorption units with the measuring point 2 provided for measuring the composition of gas mixture at the outlet of system for gas absorption (desulphurization). 6. Ventilation system for gas extraction from the working space
Coal sample with the known technical analysis and certain physical characteristics is measured in a boat of rotosyl and put in a preheated Mars tubular oven at the pre-set temperature. The tube of oven for combustion of coal samples is made of Al 2 O 3 . The coal samples are burnt at temperature of 500 o C, 900 o C. The process of coal combus-tion flows with continuous introduction of oxygen into oven as long as the separation of SO 2 gas. During the combustion process of coal, the composition of waste flue gases is measures at the outlet of oven MM-1, before entering the absorption column and at the outlet of the absorption columns MM-2.
Physical Characteristics and Technical Analysis of Coal from Ugljevik
Physical characteristics of coal were carried out after coal grinding. Determination the physical characteristics of coal were done from two coal samples from Ugljevik 1 and 2.
The results of physical characteristics of coal samples from Ugljevik are given in Table 1 . Technical analysis of coal from Ugljevik shows that content of combustible sulphur in it is 3.49%.
Measuring the Composition of Gas Mixture of the Waste Flue Gases from Coal Combustion
Series of samples in each of 5 samples were formed from prepared and analyzed coal for experimental tests of desulphurization FGD at different temperatures of combustion.
In the process of coal combustion at particular temperature, the measurement was firstly performed for composition of the gas mixture of waste gases so that the amount of SO 2 gas was clearly seen in the gas mixture which has to be absorbed in the limestone suspension. Time of measurement the composition of waste flue gases will flow from the moment when the loaded coal sample in the oven starts to burn. Measurement the composition of gas mixture of waste flue gases is at the measurement point 1 (MM-1) immediately after the outlet of FGD from oven tube in which the coal combustion takes place at particular temperature.
Temperature of Coal
The obtained test results of measurement the waste flue gases on MM-1 from coal combustion at 800 o C with the introduction of oxygen are given in Table 3 . Figure 2 shows the curve of selected CO, SO 2 gases from the composition of the gas mixture FGD during the coal combustion at temperature of 800°C. Diagram in Figure 2 presents the contents of CO and SO 2 in the gas mixture beside the oven for coal combustion on MM-1.
FGD Desulphurization Using 20% Aqueous Suspension of Limestone at the Combustion Temperature of 800 o C
The indicated amounts of separated SO 2 gas from combustion of coal at 800 o C are very high so it is necessary to reduce them from FDG that would prevent pollution of the environment. Reduction of SO 2 gas from FDG was performed by absorption the same from FDG in the limestone suspension of known granulation, chemical composition and reactivity [4] .
For desulphurization the flue gases for samples with combustion at 800 o C, the 20% suspension of limestone SP-BRDJANI was used with granulation 5.6 -16.0 μm and reactivity of 89.89%.
After completion of the FGD desulphurization of a series of 5 samples of coal (100 g), the absorption suspension was filtered, and the content of S in the solid and liquid part of suspension was determined.
The S Absorption in the Solid Part of Suspension (Absorbent)
By analyzing the hard part of adsorbent on the S absorbed from the flue gases in coal combustion at 800 o C, the obtained results are shown in Table 4 . Based on the obtained results of chemical analysis of sulfur content in the solid absorbent, the balance of S absorption was made from the waste flue gases from coal combustion at 800 o C; the obtained results are given in Table 5 . Based on the balance of S absorption in the solid absorbent, the obtained results show that 73% of S is absorbed from the waste flue gases.
The S Absorption in the Liquid Part of Suspension (Absorbent)
By analyzing the liquid adsorbent on the S content in the form of SO 4 2-, the obtained results are shown in Table 6 . Based on the obtained results of adsorbed S in combustion of coal of 100g from Ugljevik in solid and liquid absorbents, the amount of 3.22 g S was obtained, what is the total absorbed S of 92.2%.
Such high degree of S absorption in the solid and liquid part of the absorption suspension can be also confirmed by measurement the content of SO 2 gas at the measuring point 2 (MM-2) behind the absorption columns at the same time when it is measured on MM-1. The process of absorption is not interrupted; it is clear from the measurement results that the total amount of separated SO 2 in coal combustion was absorbed in the limestone suspension.
The results of measurement the waste flue gases at the outlet of desulphurization system (MM-2) at 800 o C are given in Table 7. The obtained results of measuring the composition of waste flue gases on MM-2 show that all released SO 2 gas is absorbed in the absorption suspension of the mounted system for absorption.
Notice
In desulphurization of FGD at the coal combustion temperature of 900 o C, a separation of H 2 S gas is developed that is highly toxic and whose separation in chemical processes should be strictly controlled within the allowed limits. The elimination of separated H 2 S gas requires a special system for waste gas treatment as well as a gauge for H 2 S gas concentration at the outlet of treatment system so that the overdraft of MDK for H 2 S would not be developed. The procedure and equipment for waste gas treatment with the present H 2 S is very expensive, so whenever it is possible in the chemical process to avoid its formation. Due to the separation of H 2 S, it is necessary that the coal combustion process takes place at lower temperature of 900 o C.
CONCLUSION
Based on the experimental testing in the laboratory conditions of coal combustion from Ugljevik and desulphurization of the waste flue gases, formed during combustion, the following could be concluded: -in coal combustion, it is necessary to introduce oxygen into the process, a flow rate of 2 l/min. -the highest amount of the obtained SO 2 gas in the waste flue gases is at the combustion temperature of 800 o C. -the highest degree of SO 2 gas absorption of the waste flue gases (desulfurization) is at the combustion temperature of 800 o C, 92.2%, that is 73% in the solid part of adsorbent, and 19.2% in the liquid part of absorbent, -for FGD absorption, the suspension of 20% was used, made of composite limestone SP BRDJANI, 5.6-16.0 μm, with reactivity of 89.89%.
